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@ Information recording medium and recording/reproducing apparatus using the same. 



@ An information recording medium such as an 
optical disk comprising a first substitute region for 
replacing an initial defective region, the first sub- 
stitute region being adjacent to the initial defective 
region, and a second substitute region for replacing 
a later defective region which occurs after an occur- 
rence of the initial defective region. Also a recording 
and reproducing apparatus comprising means for 
detecting a defective region in an information record- 



ing medium; and means for setting first and second 
substitute regions In the information recording me- 
dium in response to the detecting of the defective 
region, the first and second substitute regions re- 
placing initial and later defective regions respec- 
tively, the initial defective region being adjacent to 
the initial defective region and the later defective 
region arising after the occurrence of the initial de- 
fective region. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an information record- 
ing medium such as an optical recording medium 
or an optical disk. This Invention also relates to a 
recording and reproducing apparatus using such an 
information recording medium. 

Description of the Prior Art 

Japanese published unexamined patent appli- 
cation 60-150130 discloses a way of managing a 
defective area or region of an information recording 
medium. In this prior art method, when the record- 
ing medium is used for the first time, that is, when 
the recording medium Is formatted, initialized, or 
re-formatted, a defect managing region and a sub- 
stitute region are defined in the recording medium. 
During the recording and reproducing data into and 
from the recording medium, when a defective sec- 
tor is detected, a defect-representing mark is re- 
corded into the defective sector. Then, a substitute 
sector corresponding to the defective sector is de- 
termined within the substitute region. After the de- 
termination of the substitute sector, data is re- 
corded into and reproduced from the substitute 
sector in place of the defective sector. The relation 
between the addresses of the defective sector and 
the substitute sector are recorded into the defect 
managing region. 

In the prior art way of Japanese patent applica- 
tion 60-150130, it is difficult to discriminate be- 
tween early (initial) defective sectors and later de- 
fective sectors. The early defective sectors are 
defined as being already present when the record- 
ing medium is used for the first time. The later 
defective sectors occur after the information man- 
aging the early defective sectors is recorded into 
the defect managing region. All of the defective 
sectors are displaced by normal sectors within the 
common substitute region. Therefore, each time a 
defective sector is found, it is necessary to search 
the substitute region. This search lengthens the 
time spent in recording and reproducing data into 
and from the recording medium. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an 
information recording medium which allows an effi- 
cient management of defective sectors. 

It is another object of this invention to provide 
a recording and reproducing apparatus using such 
an information recording medium. 

According to a first aspect of this invention, an 
information recording medium such as an optical 



recording medium or an optical disk comprises a 
first defect managing region into which an initial 
defective region is registered; and a second defect 
managing region into which a defective region oc- 
5 curring after the registration of the initial defective 
region into the first defect managing region is reg- 
istered. 

A second aspect of this invention, an informa- 
tion recording medium such as an optical recording 

10 medium or an optical disk comprises a first defect 
managing region into which an initial defective re- 
gion is registered; and a second defect managing 
region into which a defective region occurring after 
the registration of the initial defective region into 

75 the first defect managing region is registered; 
wherein each of sectors in the first and second 
defect managing regions includes identification in- 
formation representing whether the sector belongs 
to the first defect managing region or the second 

20 defect managing region. 

A third aspect of this invention, an information 
recording medium such as an optical recording 
medium or an optical disk comprises a first defect 
managing region into which an initial defective re- 

25 gion is registered; and a second defect managing 
region into which a defective region occurring after 
the registration of the initial defective region into 
the first defect managing region is registered; 
wherein each of sectors in the first and second 

30 defect managing regions includes an identification 
information region for storing identification informa- 
tion representing whether the sector belongs to the 
first defect managing region or the second defect 
managing region. 

35 A fourth aspect of this invention, an information 

recording medium such as an optical recording 
medium or an optical disk comprises a first sub- 
stitute region for replacing an initial defective re- 
gion, the first substitute region being adjacent to 

40 the initial defective region; and a second substitute 
region for replacing a later defective region which 
occurs after an occurrence of the Initial defective 
region. 

A fifth aspect of this invention, a recording and 
45 reproducing apparatus comprises means for regis- 
tering an initial defective region into a first defect 
managing region of an Information recording me- 
dium; means for registering a later defective region 
into a second defect managing region of the in- 
50 formation recording medium, wherein the later de- 
fective region occurs after the registration of the 
initial defective region into the first defect man- 
aging region; means for reproducing identification 
information from each of sectors in the first and 
55 second defect managing regions, identification in- 
formation representing whether the sector belongs 
to the first defect managing region or the second 
defect managing region; and means for recording 
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and erasing defect managing information into and 
from eacli of the sectors in accordance with the 
reproduced identification information, 

A sixth aspect of this invention, a recording and 
reproducing apparatus comprises means for regis- 
tering an initial defective region into a first defect 
managing region of an information recording me- 
dium; means for registering a later defective region 
into a second defect managing region of the In- 
formation recording medium, wherein the later de- 
fective region occurs after the registration of the 
initial defective region into the first defect man- 
aging region; means for recording identification In- 
formation into each of sectors in the first and 
second defect managing regions, the Identification 
information representing whether the sector be- 
longs to the first defect managing region or the 
second defect managing region; means for repro- 
ducing the identification Information from each of 
the sectors; and means for recording and erasing 
defect managing information into and from each of 
the sectors in accordance with the reproduced 
identification information. 

A seventh aspect of this invention, a recording 
and reproducing apparatus comprises means for 
registering an initial defective region into a first 
defect managing region of an Information recording 
medium; means for registering a later defective 
region into a second defect managing region of the 
information recording medium, wherein the later 
defective region occurs after the registration of the 
initial defective region into the first defect man- 
aging region; means for recording Identification in- 
formation into an identification Information region of 
each of sectors in the first and second defect 
managing regions, the Identification Information re- 
presenting whether the sector belongs to the first 
defect managing region or the second defect man- 
aging region; means for reproducing the identifica- 
tion information from the identification information 
region of each of the sectors; and means for re- 
cording and erasing at least one of defect man- 
aging information and identification information into 
and from each of the sectors in accordance with 
the reproduced identification information. 

An eighth aspect of this Invention, a recording 
and reproducing apparatus comprises means for 
detecting a defective region in an information re- 
cording medium; means for setting a first substitute 
region in the Information recording medium in re- 
sponse to the detecting of the defective region, the 
first substitute region replacing an initial defective 
region and being adjacent to the Initial defective 
region; and means for setting a second substitute 
region in the Information recording medium in re- 
sponse to the detecting of the defective region, the 
second substitute region replacing a later defective 
region which occurs after an occurrence of the 
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Initial defective region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a diagram of a format of an optica! 

disk according to a first embodiment of this inven- 
tion. 

Fig. 2 is a diagram of a format of an optical 
disk according to a second embodiment of this 
10 invention. 

Fig. 3 is a block diagram of a recording and 
reproducing apparatus according to a third embodi- 
ment of this invention. 

Fig. 4 is a block diagram of a recording and 
75 reproducing apparatus according to a fourth em- 
bodiment of this invention. 

Fig. 5 is a diagram showing the arrangement of 
various regions in the optical disk in the fourth 
embodiment. 

20 Fig. 6 is a diagram showing the contents of a 

management table in the fourth embodiment. 

Fig. 7 is a diagram showing the arrangement of 
various regions in an optical disk according to a 
fifth embodiment of this invention. 
25 Fig. 8 is a block diagram of the first bit detec- 

tor of Fig. 3. 

Figs. 9-11 are flowcharts of programs operating 
the control section of Fig. 3. 

Figs. 12-16 are flowcharts of programs operat- 
30 ing the control section of Fig, 4. 

Generally, like and corresponding elements are 
denoted by the same reference characters through- 
out the drawings. 

35 DESCRIPTION OF THE FIRST PREFERRED EM- 
BODIMENT 

In the case of a pre-formatted recording me- 
dium such an optical disk which has a large capac- 
40 ity and many sectors, it Is uneconomical to prevent 
defects at a recording surface during the produc- 
tion of the recording medium. Therefore, during the 
use Of such a recording medium, defects or defec- 
tive regions less than a given quantity are allowed. 
45 A defective sector is defined as follows. Information 
can not be accurately reproduced from a defective 
sector after the information is recorded into the 
sector. Defective regions are caused by various 
factors such as faults, dust, and ageing of a record- 
so ing medium. In general, sectors on a recording 
medium such as an optical disk are classified Into 
normal sectors, early (Initial) defective sectors, and 
later defective sectors. The early defective sectors 
are defined as being already present when the 
55 recording medium Is used for the first time. The 
later defective sectors occur after the information 
managing the early defective sectors Is recorded 
into the defect managing region. In this embodi- 
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ment, a first defect managing region, a second 
defect managing region, and a user data region are 
prepared on the optical disk. The first defect man- 
aging region is used to store information related to 
the early defective sectors. The second defect 
managing region is used to store information re- 
lated to the later defective sectors. This embodi- 
ment has the following advantage. Later defective 
regions in a recording medium tend to increase 
due to faults, dust, and ageing of the recording 
medium. Generally, this tendency is prominent in a 
replaceable recording medium. It Is thus necessary 
to regard the number of later defective regions as 
an increasing variable number. When the second 
defect managing region is provided on a RAM, the 
RAM is generally required to have a large capacity 
for an increasing number of later defective regions. 
Since the number of early defective regions is 
fixed, a RAM of a small capacity can be used when 
the first defect managing region is provided on the 
RAM. Therefore, in cases where only the early 
defective regions are managed by use of a RAM, 
the RAM of a small capacity suffices. 

Rg. 1 shows a format of sectors on an optical 
disk according to a first embodiment of this inven- 
tion. Each sector is a unit of the recording of 
information. As shown in Fig. 1, a sector 5 includes 
a header 1 which is formed by mastering during 
the manufacture of an optical disk. A data se- 
quence recorded in the header 1 contains informa- 
tion related to a track address 3 and a sector 
address 4 representative of address information of 
the related sector. The track address 3 precedes 
the sector address 4. The data sequence recorded 
in the header 1 also contains information related to 
a first identification bit 6 and a second identification 
bit 7. The second identification bit 7 follows the first 
identification bit 6 but precedes the track address 
3. 

The sector 5 includes a data recording region 
or area 2 following the header 1 . The data record- 
ing region 2 is used to store user data or informa- 
tion related to a defect managing region. 

As described previously, sectors on the optical 
disk are classified into normal sectors, early 
(initial) defective sectors, and later defective sec- 
tors. The early defective sectors are defined as 
being already present when the optical disk is used 
for the first time. The later defective sectors occur 
after the information managing the early defective 
sectors is recorded into the defect managing re- 
gion. In this embodiment, a first defect managing 
region, a second defect managing region, and a 
user data region are prepared on the optical disk. 
The first defect managing region is used to store 
information related to the early defective sectors. 
The second defect managing region is used to 
store information related to the later defective soc- 
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tors. 

As described previously, a front of the header 
1 includes the first and second identification bits 6 
and 7. The first identification bit 6 stores informa- 

5 tion representing whether the related sector 5 be- 
longs to the user data region or the defect man- 
aging regions. The second identification bit 7 
stores information representing whether the related 
sector 5 belongs to the first defect managing re- 

10 gion or the second defect managing region. 

When data is recorded into and reproduced 
from the sector 5. the header 1 is reproduced and 
the track address 3 and the sector address 4 are 
read out in order to confirm that the sector 5 

75 agrees with a target sector for the data recording 
and reproducing. During the reproduction of the 
header 1, the first and second identification bits 6 
and 7 are detected and the information recorded in 
these bits is derived. The information derived from 

20 the first identification bit 6 informs whether the 
sector 5 belongs to the user data region or the 
defect managing regions. The information derived 
from the second identification bit 7 informs whether 
the sector 5 belongs to the first defect managing 

25 region or the second defect managing region. 
Then, the data recording process, the data re- 
producing process, or the data erasing process is 
started. 

In the case where the sector 5 belongs to the 

30 user data region, both of the first and second 
identification bits 6 and 7 are "0". In the case 
where the sector 5 belongs to the first defect 
managing region, both of the first and second iden- 
tification bits 6 and 7 are "1". In the case where 

35 the sector 5 belongs to the second defect man- 
aging region, the first identification bit 6 is "1" and 
the second identification bit 7 is "0". 

As understood from the previous description, a 
reliable detection can be made as to whether a 

40 sector belongs to the user data region, the first 
defect managing region, or the second defect man- 
aging region. 

The first and second identification bits 6 and 7 
may be exchanged in position. The first and sec- 

45 ond identification bits 6 and 7 may be placed in 
any part of the header 1 . A plurality of bits may be 
used in place of each of the first and second 
identification bits 6 and 7. The first and second 
identification bits 6 and 7 may be replaced by a 

50 flag having a pre-formatted bit sequence which 
represents whether the related sector 5 belongs to 
the user data region, the first defect managing 
region, or the second defect managing region. The 
first and second identification bits 6 and 7 may be 

55 replaced by a track address and a sector address 
which contain bits representing whether the related 
sector 5 belongs to the user data region, the first 
defect managing region, or the second defect man- 

4 
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aging region. 

DESCRIPTION OF THE SECOND PREFERRED 
EMBODIMENT 

Fig. 2 shows a format of sectors on an optical 
disk according to a second embodiment of this 
invention which is similar to the embodiment of Fig. 
1 except for the following design changes. 

As shown in Fig. 2, a sector 5 includes a 
header 1 composed of a track address 3 and a 
sector address 4 only. The sector 5 also includes 
an identification mark region 10 and a data record- 
ing region 2. The identification mark region 10 
extends between the header 1 and the data record- 
ing region 2. A first identification mark 8 and a 
second identification mark 9 can be recorded in 
respective sections of the identification mark region 
10. 

In the case where the sector 5 belongs to a 
first defect managing region, both of the first and 
second identification marks 8 and 9 are recorded in 
the identification mark region 10 as shown in the 
part (a) of Fig. 2. In the case where the sector 5 
belongs to a second defect managing region, only 
the first identification mark 8 is recorded in the 
identification mark region 10 as shown in the part 
(b) of Fig. 2. In the case where the sector 5 
belongs to a user data region, neither the first 
identification mark 8 nor the second identification 
mark 9 is recorded in the identification mark region 
10 as shown in the part (c) of Fig. 2. 

When data is recorded into and reproduced 
from the sector 5, detection is made as to whether 
the first and second identification marks 8 and 9 
are present in or absent from the identification 
mark region 10. The detection related to the first 
identification mark 8 informs whether the sector 5 
belongs to the user data region or the defect man- 
aging regions. The detection related to the second 
identification mark 9 informs whether the sector 5 
belongs to the first defect managing region or the 
second defect managing region. 

At first, the first defect managing region is 
prepared on the optical disk. Early defective sec- 
tors which were already present at the preparation 
of the first defect managing region are registered 
into the first defect managing region. Thereafter, 
each time a later defective sector is newly found, a 
sector subsequent to the first defect managing 
region is set as a segment of a second defect 
managing region and the later defective sector is 
registered into the segment of the second defect 
managing region. The second defect managing re- 
gion is expanded as the later defective sector is 
found. It is thus unnecessary to prepare the second 
defect managing region by the pre-formatting, so 
that the sectors can be used efficiently and the 
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user data region can be large. 

The identification mark region 10 may follow 
the data recording region 2, Three different marks 
may be recorded in the identification mark region 
5 10. 

DESCRIPTION OF THE THIRD PREFERRED EM- 
BODIMENT 

10 Fig. 3 shows a recording and reproducing ap- 

paratus according to a third embodiment of this 
invention. In Fig. 3, an optical disk 20 is formed 
with sectors of a format of Fig. 1. A reproducing 
section 30 reproduces information from the sectors 

15 on the optical disk 20. A detector 40 detects a first 
identification bit 6 (see Fig. 1) of a header 1 by 
referring to an output signal from the reproducing 
section 30. The detector 40 outputs a detection 
signal 400 when the first identification bit 6 is "1". 

20 A detector 50 detects a second identification bit 7 
(see Fig. 1) of a header 1 by referring to the output 
signal from the reproducing section 30, The detec- 
tor 50 outputs a detection signal 500 when the 
second identification bit 7 is "1". 

25 The first and second identification bits 6 and 7 

are prepared during the manufacture of the optical 
disk 20. In addition, first and second defect man- 
aging regions and a user data region are predeter- 
mined during the manufacture of the optical disk 

30 20. The positions of the first and second defect 
managing regions can not be changed later. 

A control section 60 generates an inhibition 
signal 600 on the basis of the detection signals 400 
and 500 from the detectors 40 and 50. The control 

35 section 60 is composed of a microcomputer includ- 
ing a combination of an input port, an output port, a 
ROM, a RAM, and a CPU. The control section 60 
operates in accordance with a program stored in 
the ROM. 

40 A data generator 70 outputs a 

recording/erasing data signal 700 to the control 
section 60 and a recording/erasing section 80. The 
recording/erasing section 80 records and erases 
data into and from the data recording region 2 (see 

45 Fig. 1) of a sector in accordance with the 
recording/erasing data signal 700. When the 
recording/erasing section 80 receives the inhibition 
signal 600 from the control section 60, the 
recording/erasing section 80 suspends the data re- 

50 cording and erasing. 

The area of the optical disk 20 is divided into 
the first defect managing region, the second defect 
managing region, and the user data region. In 
cases where the optical disk 20 is used for the first 

55 time, that is, in cases where the optical disk 20 is 
formatted, initialized, or re-formatted, when defec- 
tive sectors are present in the first and second 
defect managing regions, a defect-representing 

5 
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mark is recorded into the data recording region 2 
(see Fig. 1) of each of the defective sectors but 
corresponding substitute sectors are not prepared. 

During a subsequent stage, detection is made 
as to whether each of sectors in the user data 
region is normal or defective. When a defective 
sector is detected, a substitute region is prepared 
within the user data region. A substitute sector is 
searched from the substitute region. The address 
information of the defective sector and the address 
information of the substitute sector are sequentially 
recorded into normal sectors of the first defect 
managing region. Specifically, a pair of the address 
information of the defective sector and the address 
information of the substitute sector is set as data in 
the data generator 70. This data is transmitted from 
the data generator 70 to the recording/erasing sec- 
tion 80 by use of the recording/erasing data signal 
700, and the data is recorded into the optical disk 
20 by the recording/erasing section 80. In a later 
use of the optical disk 20, the recording of the data 
into the first defect managing region is inhibited- 

In cases where the user requires data to be 
recorded into the data recording region 2 (see Fig. 
1) of a sector, after the information in the first and 
second defect managing regions is checked, the 
reproducing section 30 reproduces information 
from a sector on the optical disk 20. The repro- 
duced information is transmitted from the reproduc- 
ing section 30 to the detectors 40 and 50. When 
the detector 40 detects that the first identification 
bit 6 (see Fig. 1) is "1 the detector 40 outputs the 
detection signal 400 to the control section 60. 
When the detector 50 detects that the second 
identification bit 7 (see Fig. 1) is "1", the detector 
50 outputs the detection signal 500 to the control 
section 60. In the absence of a detection signal 
400, the control section 60 detects or recognizes 
that the current sector belongs to the user data 
region. In the presence of a detection signal 400, 
the control section 60 recognizes that the current 
sector belongs to one of the first and second 
defect managing regions. In the latter case, when a 
detection signal 500 is present, the control section 
60 recognizes that the current sector belongs to 
the first defect managing region. In the latter case, 
when a detection signal 500 is absent, the control 
section 60 recognizes that the current sector be- 
longs to the second defect managing region. When 
the control section 60 recognizes that the current 
sector belongs to one of the first and second 
defect managing regions, the control section 60 
outputs an inhibition signal 600 to the 
recording/erasing section 80. Although data is fed 
from the data generator 70 to the recording/erasing 
section 80 by use of the recording/erasing data 
signal 700, the recording/erasing section 80 inhibits 
the recording of the data into the data recording 
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region 2 (see Fig. 1) of the current sector in re- 
sponse to the inhibition signal. In these cases, the 
control section 60 operates in accordance with a 
program whose flowchart is shown in Fig. 9. As 

6 shown in Fig. 9, a first step 9A of the program 
judges whether the detection signal 400 is present 
or absent. When the detection signal 400 is 
present, the program advances from the step 9A to 
a step 9B. When the detection signal 400 is ab- 

10 sent, the current execution cycle of the program 
ends. The step 9B outputs an inhibition signal 600. 
After the step 9B, the current execution cycle of 
the program ends. 

In cases where user data is erased from the 

75 data recording region 2 (see Fig. 1) of a sector, the 
recording and reproducing apparatus operates in a 
manner basically similar to the operation during the 
recording of data but the recording/erasing section 
80 does not inhibit the data erasing. 

20 During the use of the optical disk 20 by the 

user, when a defective sector is detected, the ad- 
dress information of the defective sector and the 
address information of a corresponding substitute 
sector are recorded into the second defect man- 

25 aging region. The operation of the control section 
60 and the data generator 70 in this case differs 
from that during the data recording as follows. In 
the presence of a detection signal 400 but the 
absence of a detection signal 500, the control see- 
so tion 60 recognizes that the current sector belongs 
to the second defect managing region. The data 
generator 70 outputs the address of the defective 
sector and the address of the substitute sector to 
the recording/erasing section 80 by use of the 

35 recording/erasing data signal 700. The 
recording/erasing section 80 records the address 
information of the defective sector and the address 
information of the substitute sector into the data 
recording region 2 (see Fig. 1) of the current sec- 

40 tor. In the absence of both of the detection signals 
400 and 500, the control section 60 recognizes that 
the current sector belongs to the user data region. 
In the presence of both of the detection signals 400 
and 500, the control section 60 recognizes that the 

45 current sector belongs to the first defect managing 
region. When the control section 60 recognizes that 
the current sector belongs to the user data region 
or the first defect managing region, the control 
section 60 outputs an inhibition signal 600 to the 

50 recording/erasing section 80 so that the 
recording/erasing section 80 inhibits the recording 
of the address information of the defective sector 
and the address information of the substitute sector 
into the data recording region 2 (see Fig. 1) of the 

55 current sector. In this case, the control section 60 
operates in accordance with a program whose 
flowchart is shown in Fig, 10. As shown in Fig. 10, 
a first step 1 0A of the program judges whether the 

6 
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detection signals 400 and 500 are present or ab- 
sent. When both of the detection signals 400 and 
500 are present, the program advances from the 
step 1 0A to a step 10B. When both of the detection 
signals 400 and 500 are absent, the program ad- 
vances from the step 1 0A to a step 10C. When 
only the detection signal 400 is present, the current 
execution cycle of the program ends. The steps 
10B and IOC outputs an inhibition signal 600. After 
the steps 10B and IOC, the current execution cycle 
of the program ends. 

During the reproduction of data from and the 
search of data in the user data region and the first 
and second defect managing regions, after the 
information in the first and second defect managing 
regions is checked, the reproducing section 30 
reproduces information from a sector on the optical 
disk 20. The reproduced information is transmitted 
from the reproducing section 30 to the detectors 40 
and 50. When the detector 40 detects that the first 
identification bit 6 (see Fig. 1) is "1", the detector 
40 outputs the detection signal 400 to the control 
section 60. When the detector 50 detects that the 
second identification bit 7 (see Fig. 1) is "1". the 
detector 50 outputs the detection signal 500 to the 
control section 60. In the absence of a detection 
signal 400, the control section 60 detects or recog- 
nizes that the current sector belongs to the user 
data region. In the presence of a detection signal 
400, the control section 60 recognizes that the 
current sector belongs to one of the first and sec- 
ond defect managing regions. In the latter case, 
when a detection signal 500 Is present, the control 
section 60 recognizes that the current sector be- 
longs to the first defect managing region. In the 
latter case, when a detection signal 500 is absent, 
the control section 60 recognizes that the current 
sector belongs to the second defect managing re- 
gion. The control section 60 outputs an inhibition 
signal 600 to the recording/erasing section 80 in- 
dependent of the presence and absence of the 
detection signals 400 and 500 so that the 
recording/erasing section 80 continues to inhibit the 
data recording and the data erasing. In this case, 
the control section 60 operates in accordance with 
a program whose flowchart is shown in Fig. 11. As 
shown in Fig. 11. a first step 11 A of the program 
outputs an inhibition signal 600. After the step 11 A, 
the current execution cycle of the program ends. 

As shown in Fig. 8, the detector 40 includes a 
header detecting section 40A detecting the header 
1 (see Fig. 1) of a sector from the output signal of 
the reproducing section 30 (see Fig. 3). A timing 
gate generator 40B generates a timing gate signal 
in response to an output signal from the header 
detecting section 40A. The moment of the occur- 
rence of the timing gate signal matches to a timing 
at which the output signal from the reproducing 
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section 30 (see Fig. 3) represents the first iden- 
tification bit 6 (see Fig. 1). The timing gate signal Is 
fed from the timing gate generator 40B to a com- 
parator 40C and a reference pattern generator 40D. 
6 The reference pattern generator 40D transmits a 
signal representative of a reference pattern from a 
register 40E to the comparator 40C in response to 
the timing gate signal. The reference pattern cor- 
responds to "1 The comparator 40C receives the 
10 output signal from the reproducing section 30 (see 
Fig. 3). The comparator 400 is informed by the 
output signal from the reproducing section 30 (see 
Fig. 3) of the pattern of the first identification bit 6 
(see Fig. 1) in the sector at a timing determined by 
75 the timing gate signal. The comparator 40C com- 
pares the pattern of the first Identification bit with 
the reference pattern at a timing determined by the 
timing gate signal. When the pattern of the first 
identification bit agrees with the reference pattern, 
20 the comparator 40C outputs a detection signal 400. 

The detector 50 has a design similar to the 
design of Fig. 8. In the detector 50, a timing gate 
generator 40B outputs a timing gate signal having 
a timing corresponding to a timing at which the 
25 output signal from the reproducing section 30 (see 
Fig. 3) represents the second identification bit 7 
(see Fig. 1) of a sector. 

The first and second identification bits 6 and 7 
(see Fig. 1) may be replaced by an Identification 
30 flag. In this case, the detectors 40 and 50 are 
replaced by an Identification flag detector. 

DESCRIPTION OF THE FOURTH PREFERRED 
EMBODIMENT 

35 

Fig. 4 shows a recording and reproducing ap- 
paratus according to a fourth embodiment of this 
invention. In Fig. 4, an optical disk 21 is formed 
with sectors of a format of Fig. 2. A reproducing 

40 section 30 reproduces information from the sectors 
on the optical disk 21 . A detector 41 detects a first 
Identification mark 8 (see Fig. 2) in an Identification 
mark region 10 by referring to an output signal 
from the reproducing section 30. The detector 41 

45 outputs a detection signal 401 when the first iden- 
tification mark 8 Is present. A detector 51 detects a 
second identification mark 9 (see Fig. 2) In the 
Identification mark region 10 by referring to the 
output signal from the reproducing section 30. The 

50 detector 51 outputs a detection signal 501 when 
the second identification mark 9 is present. 

A control section 61 generates an inhibition 
signal 600 and a mark recording/erasing signal 601 
on the basis of the detection signals 401 and 501 

55 from the detectors 41 and 51. A RAM 91 con- 
nected to the control section 61 stores a manage- 
ment table. The control section 61 manages two 
defective managing regions and a user data region 
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by use of an address signal 901 and the manage- 
ment table. The control section 61 is composed of 
a microcomputer including a combination of an 
input port, an output port, a ROM, a RAM, and a 
CPU. The control section 61 operates in accor- 
dance with a program stored in the ROM. 

The management table in the RAM 91 holds a 
start address and an end address of a first defect 
managing region, a start address and an end ad- 
dress of a second defect managing region, and a 
start address and an end address of a used user 
data region of the part (b) of Fig. 5. Information of 
the management table is recorded in the optical 
disk 21. Each time the optical disk 21 is used, the 
information of the management table is read out 
from the optical disk 21 and is updated. As shown 
in Fig. 6, the management table is divided into 
segments for storing the start address and the end 
address of the first defect managing region, the 
start address and the end address of the second 
defect managing region, and the start address and 
the end address of the used user data region 
respectively. After a recording process, the end 
address of the second defect managing region and 
the end address of the used user data region are 
updated if necessary. 

A data generator 70 outputs a 
recording/erasing data signal 700 to the control 
section 61 and an recording/erasing section 81. 
The recording/erasing section 81 records and 
erases data into and from the data recording region 
2 (see Fig. 2) of a sector in accordance with the 
recording/erasing data signal 700. When the 
recording/erasing section 81 receives the inhibition 
signal 600 from the control section 61, the 
recording/erasing section 81 suspends the data re- 
cording and erasing. When the recording/erasing 
section 81 receives the mark recording/erasing sig- 
nal 601 of a given state from the control section 61 , 
the recording/erasing section 81 records an iden- 
tification mark or marks into the identification mark 
region 10 (see Fig. 2) of a sector in accordance 
with the contents of the mark recording/erasing 
signal 601. The mark recording/erasing signal 601 
is preferably a two-bit digital signal changeable 
among three different states. A first state of the 
mark recording/erasing signal 601 commands the 
recording/erasing section 81 to record both of the 
first and second identification marks 8 and 9 (see 
Fig. 2) into the identification mark region 10 of a 
sector. A second state of the mark 
recording/erasing signal 601 commands the 
recording/erasing section 81 to record the first 
identification mark 8 (see Fig. 2) into the identifica- 
tion mark region 10 of a sector and to erase the 
second identification mark 9 (see Fig. 2) from the 
identification mark region 10 of the sector. A third 
state of the mark recording/erasing signal 601 com- 
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mands the recording/erasing section 81 to erase 
both of the first and second identification marks 8 
and 9 (see Fig. 2) from the identification mark 
region 1 0 of a sector. 

6 A detector 90 detects a track address 3 and a 

sector address 4 (see Fig. 2) in the header 1 of a 
sector by referring to the output signal from the 
reproducing section 30. The detector 90 outputs 
the detected address information to the control 

10 section 61 by use of an address signal 901 . 

The area of the optical disk 21 is divided into a 
first defect managing region, a second defect man- 
aging region, a used user data region, and an 
unused user data region. When the optical disk 21 

15 is used for the first time, that is, when the optical 
disk 21 is formatted, initialized, or re-formatted, the 
contents of the identification mark region 10 (see 
Fig. 2) of each sector are erased as follows. After a 
searching process, the control section 61 outputs 

20 the mark recording/erasing signal of the third state 
to the recording/erasing section 81 so that the 
recording/erasing section 81 erases the first and 
second identification marks from the identification 
mark region 10 of each sector. In this case, the 

25 control section 61 operates in accordance with a 
program whose flowchart is shown in Fig. 12. As 
shown in Fig. 12, a first step 12A of the program 
searches a target sector. A step 12B following the 
step 12A outputs the mark recording/erasing signal 

30 601 of the third state. After the step 12B, the 
current execution cycle of the program ends. Then, 
a check is made as to whether or not each of the 
sectors is defective. Each time a defective sector is 
found, a substitute region is prepared within the 

35 user data region and a substitute sector is pre- 
pared within the substitute region. The address 
information of the defective sector, the address 
information of the corresponding substitute sector, 
and the information of the identification marks are 

40 recorded into a normal sector. This normal sector 
forms a part of the first defect managing region. As 
shown in the part (a) of Fig. 5, inner sectors are 
sequentially used as forming the first defect man- 
aging region. As shown in the part (a) of Fig. 2, 

45 both of the first and second identification marks 8 
and 9 are recorded in the identification mark region 
10 of each sector in the first defect managing 
region. The first defect managing region is formed 
as follows. After a searching process, a pair of the 

50 address information of the defective sector and the 
address information of the substitute sector is set 
as data in the data generator 70. This data is 
transmitted from the data generator 70 to the 
recording/erasing section 81 by use of the 

55 recording/erasing data signal 700, and the data is 
recorded into an intended sector on the optical disk 
21 by the recording/erasing section 81. At the 
same time, the control section 61 outputs the mark 
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recording/erasing signal 601 of the first state to the 
recording/erasing section 81 so that the 
recording/erasing section 81 records both of the 
first and second identification marks 8 and 9 (see 
Fig. 2) into the identification mark region 10 of the 
intended sector. In this case, the control section 61 
operates in accordance with a program whose 
flowchart is shown in Fig. 13. As shown in Fig. 13, 
a first step 13A of the program searches a sector 
into which defect managing information should be 
recorded. A step 13B following the step 13A out- 
puts the mark recording/erasing signal 601 of the 
first state. After the step 13B, the current execution 
cycle of the program ends. As shown in the part (a) 
of Fig. 5, at the first use of the optical disk 21, the 
area of the optical disk 21 is composed of a first 
defect managing region and a unused user data 
region. The first defect managing region extends 
inward of the unused user data region. An inner 
part of the unused user data region is used as a 
second defect managing region later. The first de- 
fect managing region keeps unchanged during the 
subsequent use of the optical disk 21 by the user. 

During the use of the optical disk 21 by the 
user which follows the previously-mentioned first 
use of the optical disk 21 , when a defective sector 
is found, a substitute region is prepared and a 
substitute sector is prepared within the substitute 
region. The address information of the defective 
sector, the address information of the correspond- 
ing substitute sector, and the information of the 
identification marks are recorded into a normal 
sector. This normal sector forms a part of the 
second defect managing region. As understood 
from the comparison between the parts (a) and (b) 
of Fig. 5, inner sectors of the unused user data 
region are sequentially used as forming the second 
defect managing region. Therefore, the second de- 
fect managing region extends outward of the first 
defect managing region but inward of the remain- 
ing unused user data region. As shown in the part 
(b) of Fig. 2, only the first identification mark 8 Is 
recorded in the identification mark region 10 of 
each sector in the second defect managing region. 
As shown in the part (b) of Fig. 5, inner sectors of 
the unused user data region are sequentially used 
to expand the second defect managing region 
while outer sectors of the unused user data region 
are sequentially used for the intended data record- 
ing purpose. 

In cases where user data is required to be 
recorded Into the data recording region 2 (see Fig. 
2) of a sector, after the information in the first and 
second defect managing regions is checked, the 
reproducing section 30 reproduces information 
from the sector on the optical disk 21. The repro- 
duced information is transmitted from the reproduc- 
ing section 30 to the detectors 41 and 51. When 
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the detector 41 detects the presence of a first 
identification mark 8 (see Fig. 2) in the identifica- 
tion mark region 10 of the sector, the detector 41 
outputs the detection signal 401 to the control 

5 section 61 . When the detector 51 detects the pre3= 
ence of a second identification mark 9 (see Fig. 2) 
in the identification mark region 10 of the sector, 
the detector 51 outputs the detection signal 501 to 
the control section 61. The reproduced information 

10 is also transmitted from the reproducing section 30 
to the detector 90. The detector 90 detects a track 
address 3 and a sector address 4 in the header 1 
of the sector and outputs the address signal 901 
representative of the detected address information 

15 to the control section 61. In the absence of a 
detection signal 401, the control section 61 detects 
or recognizes that the current sector belongs to the 
user data region. In the presence of a detection 
signal 401, the control section 61 recognizes that 

20 the current sector belongs to one of the first and 
second defect managing regions. In the latter case, 
when a detection signal 501 is present, the control 
section 61 recognizes that the current sector be- 
longs to the first defect managing region. In the 

25 latter case, when a detection signal 501 is absent, 
the control section 61 recognizes that the current 
sector belongs to the second defect managing re- 
gion. When the control section 61 recognizes that 
the current sector belongs to one of the first and 

30 second defect managing regions, the control sec- 
tion 61 outputs an inhibition signal 600 to the 
recording/erasing section 81. Although data is fed 
from the data generator 70 to the recording/erasing 
section 81 by use of the recording/erasing data 

35 signal 700, the recording/erasing section 81 inhibits 
the recording of the data into the data recording 
region 2 (see Fig. 2) of the current sector in re- 
sponse to the inhibition signal 600. Since these 
cases do not correspond to the recording of data 

40 into the first defect managing region, the control 
section 61 does not output a mark 
recording/erasing signal 601. In these cases, the 
control section 61 operates in accordance with a 
program whose flowchart is shown in Fig. 14. As 

45 shown in Fig. 14, a first step 14A of the program 
judges whether the detection signal 401 is present 
or absent. When the detection signal 401 is 
present, the program advances from the step 14A 
to a step 14B. When the detection signal 401 is 

50 absent, the current execution cycle of the program 
ends. The step 148 outputs the inhibition signal 
600. After the step 148, the current execution of 
the program ends. When the user requires data to 
be recorded into the optical disk 21, the control 

66 section 61 derives the address information from the 
address signal 901 and then examines the derived 
address information. Specifically, the control sec- 
tion 61 compares the derived address information 
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with the end address of a used user data region 
which is stored in the management table in the 
RAM 91. This address comparison is to determine 
whether or not the current sector extends inward of 
the used user data region. When the current sector 
extends inward of the used user data region, the 
end address of the used user data region is up- 
dated by use of the current address information. In 
the case where the user requires the recording of 
data into the optical disk 21 immediately after the 
formatting of the optical disk 21, since the start 
address of a used user data region is determined 
but the end address of the used user data region is 
indefinite, the end address of the used user data 
region is always updated. During the recording of 
the data into the optical disk 21 , the control section 
61 operates in accordance with a program whose 
flowchart is shown in Fig. 15. As shown in Fig. 15, 
a first step 15A judges whether or not the current 
moment immediately follows the formatting. When 
the current moment does not immediately follow 
the formatting, the program advances from the step 
15A to a step 15B. When the current moment 
immediately follows the formatting, the program 
jumps from the step 15A to a step 15D. The step 
15B derives the address information from the ad- 
dress signal 901. A step 15C subsequent to the 
step 15B compares the derived address informa- 
tion with the end address of the used user data 
region. When the derived address information ex- 
tends inward of the end address of the used user 
data region, the program advances from the step 
15C to the step 15D. Otherwise, the current execu- 
tion cycle of the program ends. The step 15D 
updates the end address of the used user data 
region by use of the derived address information. 
After the step 15D, the current execution cycle of 
the program ends. 

In cases where user data Is erased from the 
data recording region 2 (see Fig. 2) of a sector, the 
recording and reproducing apparatus operates in a 
manner basically similar to the operation during the 
recording of data but the recording/erasing section 
81 inhibits wrong erasing of data. In these cases, 
the end address of the used user data region which 
is stored in the management table in the RAM 91 
is not updated. 

During the use of the optical disk 21 by the 
user, when a defective sector is detected, the ad- 
dress information of the defective sector and the 
address information of a corresponding substitute 
sector are recorded into the second defect man- 
aging region as follows. The control section 61 
examines the end address of the second defect 
managing region and the end address of the used 
user data region which are stored in the manage- 
ment table in the RAM 91. When the end address 
of the second defect managing region and the end 
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address of the used user data region are adjacent 
to each other, there is no unused user data region 
so that the recording of the address information is 
inhibited. Otherwise, the recording of the address 

5 information is allowed as follows. The control sec- 
tion 61 checks the address information of the ad- 
dress signal 901 and simultaneously searches the 
address of an innermost part of the unused user 
data region which extends adjacently outward of 

10 the end address of the second defect managing 
region. At the same time, the control section 61 
checks the presence and absence of the detection 
signals 401 and 501. During the search, at a mo- 
ment immediately after the formatting of the optical 

75 disk 21, the second defect managing region is not 
yet formed and the end address of the second 
defect managing region which is stored in the 
management table in the RAM 91 is indefinite. The 
searched address of the innermost part of the 

20 unused user data region is defined as the start 
address of the second defect managing region. In 
the absence of the detection signal 401 , the follow- 
ing operation is performed. After one revolution of 
the optical disk 21 is waited, the control section 61 

25 outputs the mark recording/erasing signal 601 of 
the second state to the recording/erasing section 
81 but does not output the inhibition signal 600. 
The data generator 70 outputs the address of the 
defective sector and the address of the corre- 

30 spending substitute sector to the recording/erasing 
section 81 by use of the recording/erasing data 
signal 700. As a result, the recording/erasing sec- 
tion 81 records only the first identification mark 8 
(see Fig. 2) into the identification mark region 10 of 

35 the sector and also records the address of the 
defective sector and the address of the corre- 
sponding substitute sector into the data recording 
region 2 (see Fig. 2) of the sector. In this way, the 
second defect managing region is formed. The 

40 control section 61 updates the end address of the 
second defect managing region in the management 
table by use of the recorded address information. 
In these cases, the control section 61 operates in 
accordance with a program whose flowchart is 

45 shown in Fig. 16. As shown in Fig. 16, a first step 
16A of the program judges whether or not the 
current moment immediately follows the formatting. 
When the current moment immediately follows the 
formatting, the program advances from the step 

50 16A to a step 16B. When the current moment does 
not immediately follow the formatting, the program 
advances from the step 16A to a step 16C. The 
step 16B searches the start address of the second 
defect managing region. After the step 16B, the 

55 program advances to a step 16E. The step 16C 
judges whether or not the end address of the 
second defect managing region and the end ad- 
dress of the used user data region are adjacent to 

10 



19 EP 0 



each other. When the two end address are not 
adjacent to each other, the program advances from 
the step 16C to a step 16D. When the two end 
addresses are adjacent to each other, the current 
execution cycle of the program ends. The step 16D 
searches the address of the unused user data 
region which extends adjacently outward of the end 
address of the second defect nnanaging region. 
After the step 16D, the program advances to the 
step 16E. The step 16E judges whether the detec- 
tion signal 401 is present or absent. When the 
detection signal 401 is absent, the program ad- 
vances from the step 16E to a step 16F. When the 
detection signal 401 is absent, the current execu- 
tion cycle of the program ends. The step 16F 
outputs the mark recording/erasing signal 601 of 
the second state. A step 16G subsequent to the 
step 16F updates the end address of the second 
defect managing region by use of the address 
given in the previous step 16D. After the step 16G, 
the current execution cycle of the program ends. 

During the reproduction of data from and the 
search of data in the user data range and the first 
and second defect managing regions, after the 
information in the first and second defect managing 
regions is checked, the reproducing section 30 
reproduces information from a sector on the optical 
disk 21. The reproduced information is transmitted 
from the reproducing section 30 to the detectors 41 
and 51 . When the detector 41 detects the presence 
of the first identification mark 8 (see Fig. 2), the 
detector 41 outputs the detection signal 401 to the 
control section 61. When the detector 51 detects 
the presence of the second identification mark 9 
(see Fig. 2). the detector 51 outputs the detection 
signal 501 to the control section 61. In the absence 
of a detection signal 401, the control section 61 
detects or recognizes that the current sector be- 
longs to the user data region. In the presence of a 
detection signal 401, the control section 61 recog- 
nizes that the current sector belongs to one of the 
first and second defect managing regions. In the 
latter case, when a detection signal 501 is present, 
the control section 61 recognizes that the current 
sector belongs to the first defect managing region. 
In the latter case, when a detection signal 501 is 
absent, the control section 61 recognizes that the 
current sector belongs to the second defect man- 
aging region. The control section 61 outputs an 
inhibition signal 600 to the recording/erasing sec- 
tion 81 but does not output a mark 
recording/erasing signal 601 to the 
recording/erasing section 81 independent of the 
presence and absence of the detection signals 401 
and 501, so that the recording/erasing section 81 
continues to inhibit the data recording and the data 
erasing. In this case, the control section 61 op- 
erates in accordance with a program whose 
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flowchart is similar to the flowchart of Fig. 11. 

The detector 41 has a design similar to the 
design of Fig. 8. In the detector 41, a timing gate 
generator 40B outputs a timing gate signal having 
5 a timing corresponding to a timing at which the 
output signal from the reproducing section 30 (see 
Fig. 4) can represent the first identification mark 8 
(see Fig. 2) of a sector. 

The detector 51 has a design similar to the 
70 design of Fig. 8. In the detector 51, a timing gate 
generator 40B outputs a timing gate signal having 
a timing corresponding to a timing at which the 
output signal from the reproducing section 30 (see 
Fig. 4) can represent the second identification mark 
75 9 (see Fig. 2) of a sector. 

The used user data region and the set of the 
first and second defect managing regions may be 
exchanged In position. 

20 DESCRIPTION OF THE FIFTH PREFERRED EM- 
BODIMENT 



Fig. 7 relates to a fifth embodiment of this 
invention which is similar to the embodiment of Fig. 

25 3 or the embodiment of Figs. 4-6 except for the 
following designs. 

As shown in Fig. 7, the area of an optical disk 
is divided into a first defect managing region, a 
second defect managing region, a user data region, 

30 and a substitute region. The optical disk has tracks 
each composed of an n-number of sectors. 

When the optical disk is used for the first time, 
that is, when the optical disk is formatted, initial- 
ized, or re-formatted, the respective regions are 

35 arranged in the optical disk as follows. The first and 
second defect managing regions are formed on the 
optical disk. The area of the optical disk which is 
not occupied by the first and second defect man- 
aging regions is used as the user data region. A 

40 check is made as to whether or not each of the 
sectors on the optical disk is defective. A control 
section 60 or 61 (see Fig. 3 or Fig. 4) enables this 
check by recording suitable data into the sector, 
then examining whether or not the data can be 

45 reproduced from the sector, and finally judging 
whether or not the reproduced data agrees with the 
recorded data. A substitute sector is not prepared 
for a defective sector in the first and second defect 
managing regions, and a defect-representing mark 

50 is recorded into the data recording region 2 (see 
Fig. 1 or Fig. 2) of the defective sector. A sector 
immediately following a defective sector in the user 
data region is used as a substitute sector for the 
defective sector, and a defect- re presenting mark is 

55 recorded into the data recording region 2 (see Fig. 
1 or Fig. 2) of the defective sector. The adjacent 
positions of the defective sector and the corre- 
sponding substitute sector allow a shorter time 
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spent in the substituting process. The address in- 
formation of the defective sector and the address 
information of the corresponding substitute sector 
are detected, and the detected address information 
is recorded into the first defect managing region. In 
an example where the sector "3" of the track "1" 
is defective as shown in Fig. 7, the sector "4" of 
the track "1" Is used as a substitute sector for the 
defective sector. In this example, the information " 
Jt3 -^14" which represents that the sector "3" of 
the track "I" is replaced by the sector "4" of the 
track "I" is recorded into the first defect managing 
region. When the substitute sector is defective, a 
substitute sector for the defective substitute sector 
is prepared. In a last track, if a substitute sector for 
a defective sector can not be prepared, the prep- 
aration of the substitute sector is abandoned. When 
the previously-mentioned substituting process is 
completed, all of defective sectors are registered in 
the first defect managing region. Defective sectors 
in the user data region are replaced by substitute 
sectors adjacent to the defective sectors. The sub- 
stituting process is performed via the control sec- 
tion 60 or 61 (see Fig. 3 or Fig. 4), 

When the formatting of the optical disk is com- 
pleted, a substitute region is prepared for defective 
sectors which occur later. The later defective sec- 
tors are replaced by sectors in the substitute re- 
gion. A substitute sector is not prepared for a 
defective sector in the first and second defect 
managing regions, and a defect-representing mark 
is recorded into the data recording region 2 (see 
Fig. 1 or Fig. 2) of the defective sector. When a 
defective sector is found in the substitute region or 
the user data region, a defect-representing mark is 
recorded into the data recording region 2 (see Fig. 
1 or Fig. 2) of the defective sector and a cor- 
responding substitute sector is prepared in the 
substitute region. In this case, the address informa- 
tion of the defective sector and the address in- 
formation of the corresponding substitute sector 
are recorded into the second defect managing re- 
gion. In an example where the sector "4" of the 
track "m" is defective as shown in Fig. 7, the 
sector "3" of the track "n" is used as a substitute 
sector for the defective sector. In this example, the 
information "m4-«' n3" which represents that the 
sector "4" of the track "m" is replaced by the 
sector "3" of the track "n" is recorded into the 
second defect managing region. 

While a substitute sector for an early defective 
sector is adjacent to the defective sector in this 
embodiment, a substitute sector may be another 
sector within a track containing the defective sec- 
tor. 



DESCRIPTION OF OTHER PREFERRED EMBODI- 
MENTS 

This invention can be applied to a pre-for- 
5 matted disc-shaped medium, a pre-formatted card- 
shaped medium such as an optical card, and an 
information recording medium including a semicon- 
ductor disk using a RAM. 

70 Claims 

1. An information recording medium comprising a 
first substitute region for replacing an initial 
defective region, the first substitute region be- 
15 ing adjacent to the initial defective region, and 

a second substitute region for replacing a later 
defective region which occurs after an occur- 
rence of the initial defective region. 

20 2. An information recording medium as set forth 
in claim 1, 
characterised in that 
the information is recorded optically. 

25 3. An information recording medium as set forth 
in claim 1 , 
characterised in that 
the medium is an optical disk, 

30 4. A recording and reproducing apparatus com- 
prising: 

means for detecting a defective region in an 

information recording medium; 

means for setting a first substitute region in the 

35 information recording medium in response to 

the detecting of the defective region, the first 
substitute region replacing an initial defective 
region and being adjacent to the initial defec- 
tive region; and 

40 means for setting a second substitute region in 

the information recording medium in response 
to the detecting of the defective region, the 
second substitute region replacing a later de- 
fective region which occurs after an occur- 

45 rence of the initial defective region. 

5. The apparatus of claim 4, 
characterised in that 

the medium comprises an optical recording 
50 medium. 

6. The apparatus of claim 4, 
characterised in that 

the medium comprises an optical disk. 
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